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Channel straightening, a widespread practice in Kentucky and throughout the United 
States associated with urban development, agriculture, mining and silviculture, typically 
results in channel degradation, negatively impacting water quality for humans and native 
plant and animal species.  This degradation necessitates stream restoration practices 
including design and construction of meander curves to provide natural form and function 
to the watercourse.  U nfortunately, few models exist which predict accurate three-
dimensional channel morphology needed for developing grading plans used for 
construction of meandering channels.  W hile much research has been conducted in the 
fields of fluid dynamics, sediment transport, aquatic habitats and geomorphology, 
relatively few physically-based mathematical approaches to predict channel morphology 
have been developed.  There is a need for efficient methods to develop continually 
changing channel alignments to represent many different outcomes related to 
construction constraints and boundary conditions.   
 
This practical need in the industry was the motivation for the development of 
BANKFULL, a new computer model for optimizing design river pattern geometry based 
on the governing flow equations.  Turbulent coherent macrostructures act as the driving 
force for the evolution of alluvial channel curves and associated bed topographic features 
including pools and riffles, and the BANKFULL model accounts for these structures in 
design.  Parametric space curves which capture the large scale geometry of fluid motions 
controlled by the coherent structures are used to model the time-averaged channel 
bathymetry of equilibrium flows.  A  previously developed derivation of meander flow 
equations, which is quite accurate in predicting depth (i.e., bathymetry) and velocity in 
sand-bedded alluvial channel curves, is solved herein.  This paper extends the derivation 
of the meander flow equations to channels with heterogeneous gravel-beds.  This paper 
further extends the theoretical basis by accurately modeling meander planform alignment 
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in response to dominant scales of turbulent structure generated in the roughness layer and 
in meander bends.  An initial solution is created from primary flow characteristics for a 
single meander wavelength.  T hen, natural variation is applied to subsequent meander 
wavelengths using the Mersenne Twister random number generator coupled with the 
clock randomizer and then Box Meuller transformation to obtain a normally distributed 
set of pools/meanders to cover the entire valley fall line, with first-order continuity at 
each splice. 
 
The model predicts three-dimensional river geometry and two-dimensional velocity 
patterns accurately and is useful for design of stream restoration projects. Figure 1 below 
shows model results for one meander wavelength of a real-world model application.  Rc, 
or radius of curvature, changes continuously along the channel centerline, a parametric 
space curve defined with a s eries of connected Bezier curves.  T ypical meander 
wavelength (λ) and amplitude (A) are defined based on sine-generated curve relationships 
observed and described for meander curves in alluvial channels, then varied from one 
meander wavelength to the next using a range of natural variability.  Channel 
morphology, described using depth contours in Figure 1, varies based on the solution of 
the meander flow equations with curvature defined precisely at every point along the 
curve. 
 
Two model applications are presented in this study, one for an existing reach as model 
validation and one for a design reach.  U seful model output includes 3-dimensional 
channel geometry as shown in Figure 1 for use in other design software (e.g., AutoCAD) 
and hydraulic results. 
 
 
Figure 1. Three-dimensional Morphology Output from the BANKFULL Model 
Shown with Depth Contours 
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Wanda Lawson, P.E. 
Stantec Consulting Services Inc. 
10509 Timberwood Circle, Suite 100 
Louisville, KY 40223 
502-212-5000 
wanda.lawson@stantec.com 
 
 
Sediment is the number one pollutant or cause of impairment in Kentucky streams.  
Excess sediment impairs habitat and water quality, and also carries nutrients into the 
stream. Nutrients such as phosphorus and nitrogen are the third leading cause of 
impairment in Kentucky streams.  Often, excess sediment loads are caused by the erosion 
of unstable banks and channels.  The proper restoration of eroding stream reaches can 
dramatically reduce sedimentation of a system as well as reduce the concentration of 
phosphorus and nitrogen in the streams.  
 
 
Working with the Kentucky Department of Fish and Wildlife Resources, Stantec has 
designed and helped implement various stream restoration projects throughout the state 
of Kentucky. The Elm Fork and Minors Creek Restoration Project was designed to 
improve the aquatic habitat in the streams while also minimizing the sediment production 
from the banks by reducing the stress and erosional forces on t he system.  Prior to 
restoration, the stream reaches were overwhelmed with high shear stresses and high 
banks, resulting in heavy sedimentation of the habitat and stream system.  S teep flow 
gradients and reduced floodplain access contributed to the high shear stress and erosion 
of sediment. 
 
 
The project, located on the Kleber WMA property in Owen County Kentucky, 
incorporates Priority I and II design techniques and includes various riffle forms, various 
native substrates, deep pool habitat, groundwater dams, and oxbow wetlands/depression 
areas.  The restored stream reaches were designed and constructed to be self-sustaining 
with minimal erosion as well as provide an array of ecological opportunities including 
varying flow velocities and depths, various substrates and vegetation, and strong 
groundwater interaction.  Root wads and other woody debris generated from accessing 
the streams were put back into the site through in-stream structures to hold grade, reduce 
erosion, provide natural habitat features and varied substrates in the channel. The rock 
used in the constructed riffles consisted of native material harvested on site or mined on 
an adjacent property. The result is a fully functioning system of diverse riffle and pool 
features that support and enhance the stream both ecologically and hydraulically. 
Significant improvement in sediment impairment compared to the pre-construction 
conditions was observed within the first year following the restoration.  Progress will 
continue to be monitored as vegetation on the banks and riparian area matures. 
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About the Speaker:  Wanda Lawson P.E. is a Stream Restoration Designer and Project 
Manager with Stantec.  She has been working on stream restoration projects for over 10 
years in Kentucky and across the United States.  Mrs. Lawson obtained a Bachelor of 
Science in Biosystems and Agricultural Engineering from the University of Kentucky.   
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KDFWR HATCHERY CREEK STREAM AND WETLANDS RESTORATION 
PROJECT –  A UNIQUE OPPORTUNITY TO MAXIMIZE TROUT HABITAT, 
CREATE RECREATIONAL OPPORTUNITIES  
AND PROVIDE MITIGATION CREDITS:  PLANNING, DESIGN 
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The KDFWR Hatchery Creek Stream and Wetlands Restoration Project was completed in 
December 2015.  It was a unique opportunity to utilize the latest stream restoration 
techniques to maximize trout habitat, create recreational fishing opportunities for the 
citizens of Kentucky, and provide mitigation credits for the KDFWR Wetland and Stream 
Mitigation Program.   
 
The project is located immediately downstream of the U.S. Fish & Wildlife Wolf Creek 
National Fish Hatchery at Lake Cumberland’s Wolf Creek Dam in Jamestown, Kentucky.  
The project extended an existing 400 foot long channel, which is the outflow from the 
hatchery, to create approximately 6,000 feet of trout stream that flows into the 
Cumberland River.  
 
In an effort to maximize habitat and create a sustainable trout population, the project was 
designed to provide a variety of habitat for all life stages of trout, especially 
spawning/egg laying habitat.  It included a variety of stream types including A, B, C & 
DA channels.  T his project has several unique aspects not typical to natural channel 
design projects in Kentucky:  a constant flow of approximately 35 cubic feet per second 
(which is approximately 70% of the upstream bankfull flow), a fish migration barrier, and 
the need to maintain imported spawning gravels from being washed away during flood 
events.  In order to maximize the habitat and recreational features the design team 
included aquatic biologists, engineers, researchers, and avid fishermen.     
 
This talk will focus on the planning, design and construction of this project under a 
design/build format.  In particular the habitat features will be discussed in detail including 
the stream type and habitat type selection process and how they relate to the various trout 
life stages.   
 
 
 
48 
 
About the Speaker: Oakes Routt, P.E. is a Stream Restoration Construction Manager with 
Stantec who has been working on stream restoration projects the last eight years across 
the United States.  He has a b road range of experience in Ecological Restoration 
including the use of natural channel design, stream assessment and restoration, and 
watershed assessment.  Oakes holds Bachelors and Masters of Engineering degrees from 
the University of Kentucky. 
 
About the Speaker:  Eric Dawalt, P.E. serves as the Project Manager for the 
EcoGro/Ridgewater Team, which designs and builds projects to solve stream and 
stormwater problems.  He is a Professional Engineer with over 16 years of experience in 
the design, construction, monitoring, and research of stream and wetlands restoration 
projects.  Eric holds Bachelors and Masters of Engineering degrees from the University 
of Kentucky.   
 
About the Co-Author: A graduate of Centre College (2001, Danville, KY) and the 
University of Kentucky (2003), Rob Lewis, P.E. has worked for Kentucky Department of 
Fish and Wildlife Resources Wetland and Stream Mitigation Program since 2009.  The 
program oversees an in-lieu-fee program for wetland and stream impacts requiring CWA 
404 and 401 permits throughout Kentucky.  As the program’s engineer, Rob works with 
consultants and contractors to review and oversee design and construction. 
 
About the Co-author: George Athanasakes, P.E. serves as the Ecosystem Restoration 
Services Leader for Stantec.  He has a b road range of experience in Ecological 
Restoration including the use of natural channel design, stream and wetland restoration, 
watershed master planning and dam removal.    George also led the development of the 
RIVERMorph Stream Restoration Software and is responsible for software content, new 
releases and training.  George holds Bachelors of Science and Masters of Engineering 
degrees from the University of Louisville.   
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The KDFWR Hatchery Creek Stream and Wetlands Restoration Project was completed in 
December 2015.  It was a unique opportunity to utilize the latest stream restoration 
techniques to maximize trout habitat, create recreational fishing opportunities for the 
citizens of Kentucky, and provide mitigation credits for the KDFWR Wetland and Stream 
Mitigation Program.   
 
The project is located immediately downstream of the U.S. Fish & Wildlife Wolf Creek 
National Fish Hatchery at Lake Cumberland’s Wolf Creek Dam in Jamestown, Kentucky.  
The project extended an existing 400 foot long channel, which is the outflow from the 
hatchery, to create approximately 6,000 feet of trout stream that flows into the 
Cumberland River.  
 
In an effort to maximize habitat and create a sustainable trout population, the project was 
designed to provide a variety of habitat for all life stages of trout, especially 
spawning/egg laying habitat.  It included a variety of stream types including A, B, C & 
DA channels.  T his project has several unique aspects not typical to natural channel 
design projects in Kentucky:  a constant flow of approximately 35 cubic feet per second 
(which is approximately 70% of the upstream bankfull flow), a fish migration barrier, and 
the need to maintain imported spawning gravels from being washed away during flood 
events.  In order to maximize the habitat and recreational features the design team 
included aquatic biologists, engineers, researchers, and avid fishermen.     
 
This talk will focus on the planning, design and construction of this project under a 
design/build format. Project implementation will be discussed including the coordination 
with numerous stakeholders, construction methods utilized, and lessons learned. 
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About the Speaker: Oakes Routt, P.E. is a Stream Restoration Construction Manager with 
Stantec who has been working on stream restoration projects the last eight years across 
the United States.  He has a b road range of experience in Ecological Restoration 
including the use of natural channel design, stream assessment and restoration, and 
watershed assessment.  Oakes holds Bachelors and Masters of Engineering degrees from 
the University of Kentucky. 
 
About the Speaker:  Eric Dawalt, P.E. serves as the Project Manager for the 
EcoGro/Ridgewater Team, which designs and builds projects to solve stream and 
stormwater problems.  He is a Professional Engineer with over 16 years of experience in 
the design, construction, monitoring, and research of stream and wetlands restoration 
projects.  Eric holds Bachelors and Masters of Engineering degrees from the University 
of Kentucky.   
 
About the Co-Author: A graduate of Centre College (2001, Danville, KY) and the 
University of Kentucky (2003), Rob Lewis, P.E. has worked for Kentucky Department of 
Fish and Wildlife Resources Wetland and Stream Mitigation Program since 2009.  The 
program oversees an in-lieu-fee program for wetland and stream impacts requiring CWA 
404 and 401 permits throughout Kentucky.  As the program’s engineer, Rob works with 
consultants and contractors to review and oversee design and construction. 
 
About the Co-author: George Athanasakes, P.E. serves as the Ecosystem Restoration 
Services Leader for Stantec.  He has a broad range of experience in Ecological 
Restoration including the use of natural channel design, stream and wetland restoration, 
watershed master planning and dam removal.    George also led the development of the 
RIVERMorph Stream Restoration Software and is responsible for software content, new 
releases and training.  George holds Bachelors of Science and Masters of Engineering 
degrees from the University of Louisville.   
 
 
 
